We present interactive computer programs for the analysis of nucleic acid sequences. In order to handle these programs, minimum computer experience is sufficient.The nucleotide sequence of the human gamma globin gene complex is used as an example to illustrate the data analysis.
INTRODUCTION
Recombinant DNA technology and rapid nucleic acid sequencing methods have resulted in an accumulation of large amounts of sequence data. We have been involved in determining the nucleotide sequences of the intergenic DNA of the human betn-globin gene cluster (1) . During the course of this investigation it became necessary to develop computer programs to analyze the sequence data.
The sequence data analysis provides useful information in various ways. For example, the homology between the two sequences may give an idea of the degree of evolutionary divergence between those sequences. The direct repeats can show that a segment of a DNA or a gene is duplicated. The inverted repeats may be useful in generation of RNA secondary structure. The restriction endonuclease maps of the sequence may be useful in designing recombinant DNA molecules.
The distribution of bases in a given sequence over a fixed block length of this sequence (defined as block percentages) may illustrate A-T and G-C rich regions. The calculation of an autocorrelation function is a way to detect elements of nucleotide sequences (for example, dinucleotides) which tend to be periodically repeated. These periodicities may suggest important structural features such as the pitch of chromatin DNA (11) . The random nucleotide sequences could be used as a control over the data sequence to detect significant periodicity. The periodicities can be easily visualized by spectral analysis of the autocorrelation functions (14) .
Several computer programs have been reported in the past for analyzing the nucleic acid sequences (2) (3) (4) (5) (6) (7) (8) (9) (10) . In this paper we describe some of the programs used in our laboratory. They are divided into two groups. The first group of programs named MATCH searches for (a) homo logy between two DNA sequences; (b) direct and inverted repeats within a sequence. The underlying principle of this group is the matrix generation program described earlier (3). We have modified the base-pairing matrix into a dot matrix such that sequence homology and the repeats can be generated using the same principle.
The second group of programs named SEQSTAT provides (a) autocorrelation functions for n-mers (11) A general description of these programs is given below with examples.
DESCRIPTION OF THE PROGRAMS

MATCH
This group of programs is designed to generate the dot matrix which provides information on the homology between two sequences and direct and inverted repeats within a sequence. The dot matrix described here is a modification of the base-pairing matrix (3). The dot matrix is generated by using one sequence as the X-axis (X-sequence) and another as the Y-axis (Y-sequence) aa shown in Fig. 1 . When a nucleotide in the X-sequence matches a nucleotide in the Y-sequence a dot is placed in the matrix at the coordinates corresponding to the locations of the Fig. 2 ). When an integer, n or n , is assigned to FTX or FTY, the program uses the respective dataset from the created data list (Fig. 2) There Is a provision to automatically name the reformatted matrix, for example, GAMMAOUT output dataset (Fig. 2) is named GAMMAOUT.LPTRLIST.
An example of the plot output comparing Alu-famlly DNAs (1, 13) from the globin complex is shown in Fig. 3 .
SEQSTAT:
This group of programs produces (a) autocorrelations, (b) random nucleotide sequences, (c) autocorrelation periodicities, (d) block percentages and (e) restriction endonuclease maps. It is Initiated by the command SEQSTAT and is controlled by subcommands AUTOCORR, RANDOM, SASFREQ, BLKPER and SEQNAM to perform the above functions. After entering SEQSTAT, the user is prompted to supply the dataset name (GAMMA, as shown in Fig. A) , and to choose where the output will be listed and whether it will be retained on the disc. A dataset name must be supplied since the output is always written on the disc. Therefore, a procedure was adopted that automatically names the output datasets based on the name of the sequence dataset and the subcommand. A number is also included in the output dataset name to Then the operator is prompted to enter a new number. Since all the subcommands require that the sequences be binary numbers, the dataset is recoded and saved as a compact dataset named GAMMA.CMPCTDAT. The program issues a prompt SEQSTAT and waits for a subcommand.
The prompt is reissued when each subcommand finishes executing. Each subcommand and its application to nucleotide sequence data analysis is briefly described below.
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AUTOCORR:
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For example, a random sequence with the same dimeric composition as GAMMA.DATA will be named GAMMA.RAND2.CMPCTDAT.The random sequences produced by the program can be used as a control over the data sequence to detect significant periodicities.
SASFTSQ:
This subcommand submits the SAS job that uses PLT00BIN as an input dataset for spectral analysis (14) . Since the program runs independently of the terminal this subcommand cannot list the output.
Instead, the dataset is named and written onto the disc. The output dataset is called, GAMMA.SAS##LST which the user will have to list independently. The output has information on spectral densities and
periodograms. An example of the spectral analysis is shown in Fig. 6 .
In the spectral density plots each peak of spectral density of counts ( There are two auxilliary subcommands named CHANGE and END. CHANGE helps the operator to perform any of the above subcommands on a different dataset. END terminates the program.
